Hot deserts that presently cover about one-fifth of the land area of our planet are rapidly devouring more and more arable lands mostly due to anthropogenic causes. We propose an interdisciplinary approach to revitalizing and commercializing hot deserts, which is based on systems thinking and Russian and NASA space technology experience in designing life-support systems for long-duration flights. We formulate ten principles for the design of sustainable life support systems in deserts, which can make the development of the deserts feasible. It is discussed how the principles can be employed to design and operate desert's eco-industrial parks with greenhouses in which the transpired and evaporated moisture is collected and condensed. The potential benefits of setting up the eco-industrial parks in deserts include the slowdown and eventual reversal of the desertification trend, the migration of many industrial production facilities from mildclimate regions to deserts, the increased availability of potable water and food in deserts, the development of poor African countries, and the emergence of new investment markets.
Introduction
Hot deserts cover about one-fifth of the Earth's land area (1) . They are usually characterized by the lack of moisture and the abundance of sunlight. Both factors generally make hot deserts unsuitable for living. One of the key global environmental problems is the rapid expansion of deserts into arable lands. According to UN estimates, one-third of the Earth's land area is at risk of turning into desert wasteland (2) . By 2025, two-thirds of the arable land in Africa is expected to disappear, along with about onethird in Asia and one-fifth in South America. Over 30% of the land in the United States is affected by desertification. Over 250 million people are threatened by desertification, and more than half of them are at risk of being displaced to other parts of the world. The major desertification causes are overcultivation, overgrazing, deforestation, poor irrigation practices, sloppy conservation, overtaxed water supplies, and soaring population. The continent most affected by desertification is Africa with its Sahara desert, which is the largest hot desert in the world. To fight desertification, provide food, water, and other humanitarian aid, and reduce poverty in Africa, UN yearly spends billions of dollars.
On the other hand, desert is now considered as a potential solution to energy crisis, another key global problem today. Every year, each square kilometer of hot desert receives a solar energy equivalent to 1.5 million barrels of oil, and about 57 million TWh of solar energy falls down on all hot deserts of our planet (1, 3) . In contrast, the total world energy consumption in 2005 was as low as 135,000 TWh (4). The Sahara alone, with an area of 9.1 million km 2 , receives about 20 million TWh of heat per year, which, even with the today's 10-15 % solar energy/electricity conversion efficiency, is ten times more than the overall energy consumption in the world (3). This gave a rise to a lot of projects aiming at utilizing solar energy, ranging from photovoltaic batteries to power plants with sunlight concentrators. However, the direct implementation of these sunpowered technologies as separate processes is strongly hindered by the high expenses caused by the transportation of produced power, negative environmental impact on desert wildlife, and the absence of highly efficient power storage technologies, which are 3 needed to supply power when the Sun is not shining. It should be noted that the implementation of these technologies alone is nearsighted because this solution cannot slow down desertification, bring deserts back to the stock of arable lands, and contribute to solving the problems of the increasing water and food deficit.
At the same time, desert is a system similar to the extreme habitats studied by space life support science since the mid 1950s, which are characterized by the availability of a powerful source of thermal energy and nearly complete absence of organic life and water (5, 6) . This suggests that this 50-year experience, which is based on systems approach to solving the problems of food, water, air, and energy supply, should be analyzed and the results can be used in formulating the recommendations for sustainable development of deserts.
Results and Discussion
We will focus our attention on life support systems for long-duration space missions, such as a flight to Mars and settlements on the red planet. There are two types of lifesupport systems, aboard a spacecraft and on the surface of a planet with no atmosphere.
The first type is characterized by stringent constraints on the mass, volume, area, and power, and complete absence of resupply sources. For the second type, the constraints are much less stringent, depending on the resources of the planet and the stocks of materials and technologies brought from the Earth. Obviously, the problem of deserts has much in common with the second type. As we are going to apply the results of space technology research to Earth's deserts, the problem of air revitalization will not be discussed here and the focus will be placed on the problem of water reclamation, which is crucial for deserts.
Life support science in space technology was developed on the basis of two regenerative Summarizing the above, it should be noted that the efficiency of a life support system is in direct proportion to its water recovery and can be substantially increased due to its production of food, oxygen, and other useful substances, as well as due to the processing of wastes other than human (5, 6). The losses of power during its transmission and production, especially low conversion degrees and low ratios of produced power to power-generator volume, can considerably reduce the efficiency of the life support system as a whole. That is why the use of direct sunlight to drive the biological process in bioregenerative system is strongly recommended (6) (7) (8) (9) (10) (11) (12) .
Principles for the design of sustainable life support systems in extreme habitats. The above implies that the design of sustainable life support systems for extreme habitats characterized by the availability of a powerful source of solar energy and nearly complete absence of organic life and water should be based on systems approach and closely mimic the basic nature's principles. The main design principles for such a system are summarized in Table 1 .
Some of these principles have been successfully implemented in ecological design, the approach that applies nature's principles to food production, generation of fuels, conversion of wastes, and repairing environments (16, 17) . Eco-parks (floating wind turbines with specially cultivated microorganisms) were successfully used to revitalize the dead waters polluted by toxic waste from a local landfill and septage water dump in Cape Cod and decompose high-strength industrial food wastes in Brazil, Australia, China, Central Europe, and United States.
8 Table 1 . Design principles for sustainable life support systems in extreme habitats characterized by the abundance of sunlight and deficit of water
DESIGN PRINCIPLE DESCRIPTION/EXAMPLES

Large footprint
System's footprint area should be as large as necessary for consuming all wastes in due time (system should be wasteless) and generating enough electric and thermal power by solar-powered generators
Efficiency enhancement by consuming wastes
The efficiency of the system can be increased by consuming the wastes (carbon dioxide, nitrogen compounds, and other nutrients and catalytic substances) produced by the units not involved in the regenerative processes.
Diversification of solar energy consumption
The consumption of solar energy should be diversified: electric power by photovoltaics and power plants with sunlight concentrators, thermal power for photosynthesis, heat accumulators for dark periods, accompanied by the use of different power sources, such as hydrogen-oxygen fuel cells and the like.
Diversification of biofuel production
Feedstocks and processes for biofuel production should be diversified: starch, cellulose, lignocellulosic biomass, fermentation, biorefinery, etc.
Waste of one process is an input to another
The processes to be integrated into the system should be able to use its wastes and/or products as feedstocks, with all the wastes, including the wastes of these processes, being completely processed by the system.
Waste formation = waste consumption
The rate of waste formation should not exceed the system's capacity of processing the waste.
Complete water recycling
The system should provide complete water recycling by collecting all the evaporated plant transpiration and soil moisture and the water contained in the gathered crop. The water vapors and collected water should be treated by methods as close to the natural treatment processes (electrostatic ionization, soil infiltration and percolation) as possible to provide its biological activity.
No foreign materials
Foreign substances that can poison or slow down the regenerative processes are strictly prohibited.
Localization
All subsystems and units should be as close to each other as possible to reduce the transportation expenses and losses.
Monitoring
The system should be carefully monitored and controlled to achieve the highest efficiency.
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Life support systems approach to the development of deserts. Let us examine how the proposed recommendations can be applied to deserts. The major problem with desert environment is water deficit. This problem can be solved if we remember that up to 90%
(depending on the interplay between temperature, humidity, and carbon dioxide concentration) of the water that entered the soil is given off by plant transpiration and soil evaporation back to the atmosphere. Greenhouses in which the transpired and evaporated moisture is collected and condensed, much like it is done in Russian and American ground-based biomodules for future space stations (for example, by using special moisture-absorbing sponges) instead of letting it go to the atmosphere, can be used to grow vegetables and fruits for food and crops and biomass for biofuel.
One of the critical wastes in many industrial processes is carbon dioxide. But at the same time, the increased concentration of carbon dioxide enhances the growth of plants. water-absorbing device. In contrast to regular greenhouses, in which the moisture is disposed outside to avoid the formation of dew on the surface of plants and, hence, the intense growth of pathogens, the collected moisture can be returned to the production cycle to considerably reduce, or even eliminate, the resupply of water to the greenhouse.
The results of the Biosphere 2 project (7) suggest that the evaporated water to be collected should be specially treated to make it biologically active, which is achieved in nature by the electrostatic treatment of water vapors in clouds and the percolation of rain water through soils and rocks. Both treatment processes can be set up in the greenhouse facility. For example, the electrostatic treatment of water vapors can be accomplished by
Chizhevsky air ionizers. The results of space technology studies demonstrating that a reduced concentration of deuterium in water can enhance the biological activity of water, which implies a higher rate of biomass growth and faster consumption of wastes, can also be utilized (19) . If necessary, the collected water can be treated to a higher purity degree by the solar still integrated with the greenhouse (20) . The optimal concentration of gases in the greenhouse can be adjusted by adding portions of fresh air from the surroundings and/or other gaseous mixtures. In hot deserts, the sunlight intensity is much higher than 4000 foot candles consumed by plant photosynthesis (11) , which allows one to use a part of the roof area for the installation of photovoltaics and/or solar stills.
The electric power needed to operate the greenhouses in deserts can be generated by 
